ABSTRACT: During a die-off of Mediterranean striped dolphins Stenella coeruleoalba in 1990-91, 82 individuals stranded on the Spanish coast were examined for crustacean ectoparasites and epizoites. Six species were detected: Syncyarnus aequus, PenneUa sp., Xenobalanus globicipitis, Conchoderma virgatum, Lepas pectinata and Lepas cf. hillii. The barnacles L. pectinata and L. cf. hillii are reported here for the first time on cetaceans; they were attached to the teeth. C. virgaturn was also found on the teeth; this is an unusual attachment on cetaceans. X. globicipitis showed a higher prevalence on the dolphins studied than on those stranded in the same months before (1980 to 1990) and after (1991 to 1993) the epizootic. An analysis of shell and pseudocapitulum sizes of the X. globicipitis infrapopulations indicated possible recent colonization. It is suggested that settlement of some epizoites might have increased due to reduced movement of the dolphins and/or impaired regenerative and immune functioning of the skin prior to death. This might account for the exceptional occurrence of Lepas spp. attached on the teeth, the unusual attachment of C. virgatum, and the higher prevalence and apparently young infrapopulations of X. globicipitis.
INTRODUCTION
A number of symbiotic crustacean species can be found on cetaceans, establishing associations ranging from commensalism to parasitism (Arvy 1982) . The degree to which barnacles (Cirripedia) have adapted to living on cetaceans varies. Some species, such as stalked barnacles of the genera Conchoderma and Lepas (Lepadidae), can be considered generalists because they occur on both living organisms (turtles, cetaceans, etc.) and inanimate objects (hulls of ships, floating items). In contrast, other species [sessile or acorn barnacles of the genera Coronula, Cryptolepas, Tubicinella and Xenobalanus (Coronulidae)] are more specialized and are found only on cetaceans (Clarke 1966, Raga in press) .
Two main factors related to the cetacean host seem to influence colonization of the skin by symbiotic crustaceans. One is the mobility and hydrodynamism of the host. In the case of the grey whale Eschrichtius robustus, it has been shown that barnacles are arranged on the whale's body surface according to the currents generated by swimming movements (Kasuya & Rice 1970) . In addition, the abundance of certain ectoparasitic amphipods (whale-lice, Cyamidae) appears to be inversely proportional to the swimming speed of the cetacean species (Berzin & Vlasova 1982) . The second factor affecting colonization is molting, at least in the case of sessile crustacean species. It has been suggested that molting by the whale may be a mechanism which causes or perhaps facilitates the detachment of barnacles from the host (Scarff 1986 ).
The striped dolphin Stenella coeruleoalba is the most common cetacean in the western Mediterranean Sea (Duguy 1989 , Aguilar 1991 . From July 1990 to early 1991, a viral epizootic infection affected this species in the Spanish Mediterranean (Domingo et al. 1990 , Van Bressem et al. 1991 . During this period, a considerable increase in strandings of striped dolphins was noted. Many dolphins were still alive when found on the beach but all died after several hours (Aguilar & Raga 1993) . Necropsies revealed severe encephalitis and/or pneumonia, which probably was the cause of death (Domingo et al. 1992 , Duignan et al. 1992 . It is esti-C3 Inter-Research 1994 mated that several thousand dolphins died throughout the Mediterranean Sea due to this epizootic (Aguilar & Raga 1990 , Bompar et al. 1991 , Webb 1991 , Bortolotto et al. 1992 , Cebrian 1992 .
The aim of this paper 1s to describe the ectoparasitic and epizoitic fauna on striped dolphins affected by the viral epizootic, providing the most comprehensive study of this host species to date, In addition, we investigate the possible effects of the epizootic on some of these crustacean species, because the mobility and physiology of their hosts seemed seriously affected. Among the species of crustaceans detected, we chose Xenobalanus globicipitis for studying possible population changes during the die-off. This choice was made because it was the most abundant and persistent species. The body of some of these epizoites may be damaged d u e to erosion during strandings or to subsequent iransportaiioii and hcindling of the dclphins. However, the calcareous basal shell of X. globicipitis remains firmly attached to the host. These shells are not only a good indicator of the presence of these barnacles but of their relative age (see below).
MATERIALS AND METHODS
Eighty-two striped dolphins stranded between July 1990 and January 1991 on the Spanish Mediterranean coast were thoroughly examined for ectoparasites and epizoites, but only 68 and 64 individuals were surveyed for the amphipod Syncyamus aequus and the barnacle Xenobalanus globicipitis, respectively. All dolphins showed different pathological lesions that could be attributed to the above-mentioned virus (Duignan et al. 1992) .
The crustacean specimens were fixed and preserved in 70% ethanol. This material is deposited at the collection of the Department of Animal Biology, University of Valencia.
We compared the prevalence of Xenobalanus globicipitis on Mediterranean striped dolphins during the epizootic by examining 15 and 6 individuals found respectively before (1980 to 1990) and after (1991 to October 1993) the outbreak. We only chose dolphlns stranded during the same months as those affected by the epizootic, in order to eliminate the possible effect of seasonal variations. Only prevalence analysis was possible because other relevant data were not available from dolphins stranded before the epizootic and the 6 obtained after 1991 harboured no X. globicipitis.
We also analyzed the growth of Xenobalanus globicipitis individuals on each dolphin stranded during the epizootic (i.e. the infrapopulations). This study was restricted to dolphins from September 1990 (21 individuals) to remove the potential effect of seasonal changes in growth of the barnacles. X. globicipitis body s!ze was estimated for whole specimens as the width of the pseudocapitulum (analogous to the rostrocannal diameter of normal barnacles). This dimension of the pseudocapitulurn is apparently the most conservative with respect to age (W. A. Newman pers. comm.). For damaged or missing specimens, we used the maximum diameter of the shell. All measurements were taken to the nearest 0.01 mm using a gauge.
Statistical analyses were carried out with the SPSS/PC+ statistical package. Ecological terms are used as defined by Margolis et al. (1982) .
RESULTS AND DISCUSSION
Six crustacean species were detected. Their prevalence, intensity of infection and location are presented in Table 1 . Four of these species (Syncyarnus aequus, Pennella sp., Xenobalanus globicipitis and Conchoderma virgatum) occur commonly on striped dolphins (Dollfus 1968 . Pilleri 1970 , Raga & Carbonell 1985 , Raga 1988 ). However, the other 2 species (Lepaspecti- (Bonner 1968 , Stirling 1971 , Baldridge 1977 ). On one occasion, both Lepas species and C. virgatum appeared directly affixed to the teeth of a single dolphin. This is an unusual slte of attachment on cetaceans, occurring only if the lip or jaw is damaged or deformed exposing the teeth to the outside (Clarke 1966 , Perrin 1969 . However, the dolphin in question showed no abnormalities in the jaws; it may be that this individual could swim with ~t s mouth open for a certain period of time.
In a mass dolphin mortality on the mid-Atlantic coast of the United States during 1987, an overabundance of 'soft-shelled barnacles' occurred on bottlenose dolphins Tursiops truncatus, suggesting slow movement of possibly sick animals (Brody 1989) . This possibility has also been suggested by Aguilar & Raga (1993) concerning the Mediterranean striped dolphins.
The prevalence of Xenobalanus globicipitls on the striped dolphins stranded before and after the epizootic was 26.0 % (n = 21), versus 51.5 % on those affected by the epizootic (n = 64). This seems to favour the hypothesis of easier colonization of this barnacle due to slow movement of the dolphins affected by the epizootic before death. However, the differences in prevalence could not be statistically tested because we could not assume that the 2 samples were actually independent. The dolphins of the first group represented individuals whose death was due to various causes (diseases, injuries, etc.). Significant differences in the prevalence of Xenobalanus globicipitis with respect to size of dolphins (c 180 cm vs > 180 cm length; X2 = 0.72. df = l , p > Maxlrnurn dameler of Ihe shell (mm) Fig. 2 Xenobalanus globicipitis Frequency distnbution of maximum shell diameters of barnacles studied from 21 infrapopulations 0.05), or in intensity with respect to size (Spearman rank correlation: r = -0.25, n = 41, p = 0.1), were not observed in the sick dolphin sample. Thus, it is assumed that dolphin size had l~ttle influence on the prevalence and rate of colonization by this epizoite. In Fig. 1 the mean maximum shell diameter of each Xenobalanus globic~pitis infrapopulation is given. In   Figs. 2 & 3 the pooled frequency distnbution of shell and pseudocapitulum sizes are shown. The use of shell diameter as a slze measure of thls species is just~fied because of the h~g h correlation of thls measurement with the pseudocapitulum width in the whole specimens that were analyzed (Pearson correlation of log-transformed data. r = 0.96, n = 54, p < 0.000) (Fig. 4) . It is unlikely that age estimates based on pseudocapitulum or shell measurements were blased in the case of the largest individuals, because the sizes of the analyzed sample were far from values that would indicate that the animals had stopped growing (see Fig. 2 ). Overall, the above results suggest that the Xenobalanus globicipitis infrapopulations were composed mostly of young individuals, the range of sizes being lower than those normally attained by the barnacle on this and other hosts: e.g. shell ? mm, pseudocapitulum 6.14 mm on striped dolphins in the Spanish Mediterranean; shell 7.01 mm, pseudocapitulum 9.75 mm on long-finned pilot whales Globicephala melas in the western Mediterranean; and shell 6.5 mm, pseudocapitulum 6.8 mm on fin whales Balaenoptera physalus from Iberian Atlantic waters (author's unpubl. data). If tve assume that the decreased mobility of the dolphins affected by the epizootic infection occurred shortly before death, most specimens of X. globicipitis would have colonized their host during this period, accounting for the young infrapopulations dominated by small individuals. An additional factor might facilitate the attachment of barnacles in diseased animals. In addition, the regenerative and immune functions of the skin seem to be much reduced in sick or debilitated dolphins (J. R. Geraci & S. H. Ridgway pers. comm.).
It is crucial for this hypothesis that some time elapses between the first appearance of disease symptoms and the death of the dolphins. This time interval would allow the barnacles to affix themselves and grow to a certain stage. Domingo et al. (1992) showed that lung and brain lesions in the dolphins were of a subacute or chronic nature, consistent with a prolonged clinical course and loss of b0d.y condition. According to M. Domingo, J. R. Geraci & S. Kennedy (pers. comm.) , the time interval between infection and death is about 40 d , or even longer (A. D. V. E. Osterhaus pers. comm.). In Mediterranean waters, Xenobalanus globicipitis may take 2 to 3 mo to reach the adult stage (Heldt 1950 , cited in Arvy 1982 .
However, we cannot rule out the possibility that seasonal factors account, to a greater or lesser degree, for the observed population patterns of Xenobalanus globicipitis because the population biology and growth rates of this species are virtually unknown Although there is no conclusive evidence supporting an unusual change in epizoic crustaceans on our dolphins, our data suggest that variations in the occurrence, attachment, and population growth of some of the species did occur. Thus, examination of epizoa may prove useful in further studies on diseased cetaceans.
